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Abstract— Autism spectrum disorders (ASDs) are charac-
terized by impairments in social and communication develop-
ment and are not diagnosed before the second or the third year 
of life. Early identification of children with ASDs is a critical 
aspect for the management and treatment of this clinical con-
dition. The aim of this study was the development of a tool for 
the improvement of the early diagnosis. This paper describes 
the design and development of this system, which overcomes 
screening performed with qualitative methods, integrating, in 
one software a basic patient data record, an audio/video data 
acquisition system, an editor for the creation of customized 
tests, a reporting system and an environment for test compila-
tion. Finally, the system also provides interfaces allowing the 
analysis of the audio signals, such as infant crying, and the 
perceptual analysis of movements. 
 
Keywords— Autism Spectrum Disorders, Acquisition Sys-
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I. INTRODUCTION 
Autism Spectrum Disorders (ASDs) are a group of com-
plex disorders of brain development. These disorders are 
characterized, in varying degrees, by difficulties in social 
interaction, verbal and nonverbal communication and re-
petitive behaviors. They include autistic disorder, childhood 
disintegrative disorder, pervasive developmental disorder-
not otherwise specified and Asperger syndrome [1]. In most 
cases, ASDs symptoms appear in the first year of life, when 
it is not possible yet to carry out a reliable diagnosis. This is 
because the diagnostic tests currently used and considered 
gold-standard for ASD, are based on the identification of 
behavioral symptoms, which are more evident after the 
24thmonth of life. Moreover, etiology of ASDs is still un-
known, although several studies identified abnormal neuro-
transmission in specific brain areas, such as limbic system, 
amygdala, cerebellum and sub cortical areas that mediate 
motor control [2].The study of the early symptoms of ASDs 
is mainly based on retrospective analysis of home vide-
otapes, usually recorded during children's first birthday 
party[3], but this method presents some limits as. First of 
all, existing data refer to the assessment of a restricted num-
ber of infants (e.g. 10-12) [3, 4]. Moreover, only the pres-
ence or absence of autistic behaviors was considered. Over-
all, the method may be not reliably standardized because of 
methodological differences in the quality of recording and 
in the setup of the observations. Recently, a prospective 
study of infant siblings of children with ASDs have been 
performed, using the Autism Observation Scale for Infants 
[5], which measures visual attention, response to name 
calling, social babbling, eye contact and sensory behaviors. 
Clinical research on newborn patient requires a non-
invasive and marker-less technique that might aid in ASD 
early diagnosis, enabling a more effective intervention. 
Recent studies support a strict relationship between cry 
and motor system development [3,6]. General movements 
(GMs) and crying could be considered early indicators of 
neurodevelopmental disorders, since they are both related to 
a functional neurotransmission in specific brain areas. These 
putative early indicators have been analyzed in several stud-
ies [6, 7]. Specifically, cry involves activation of the central 
nervous system and requires a coordinated effort of several 
brain regions, mainly brainstem and limbic system. Preterm 
infants and infants with neurological conditions have differ-
ent cry characteristics when compared to healthy infants [8, 
9]. Being cheap and completely contact-less, cry analysis 
has recently aroused interest as an early sign of potential 
disturbances involving the central nervous system including 
ASDs [3]. Several studies [10, 11] prove that in newborn 
infants affected by different brain lesions spontaneous mo-
tility loses elegance, fluency and complexity. Specifically, 
GMs, observable from the 9th prenatal until the 21st postna-
tal week, continue in a similar pattern until about the end of 
the second month post-term, followed by a gradually 
emerging new GMs patterns. Besides marker-based meth-
ods [10], in the last decades Prechtl´s method was proven to 
be a highly sensitive and specific marker-less diagnostic 
tool for qualitative assessment of GMs, preventing discom-
fort the baby and without interfering with other measures 
saving time and costs [11]. Although the perceptual analysis 
of movements and crying has been already carried out in 
specialized clinics, the lack of automated tools for the ob-
jective diagnosis of ASD and the quality of its severity is 
highly required to save clinicians’ time and reduce the  
margin of error. This is a timely challenge for health  
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informatics and for biomedical engineering. In fact, the 
development of reliable software tools to enhance the early 
diagnosis [12, 13, 14], especially acquiring patients data in 
real-life environments (i.e. home)[15, 16], has been highly 
investigated in the last years. One of the main needs 
emerged for these tools was the capability to enhance the 
diagnosis integrating clinicians’ experience (mainly qualita-
tive knowledge), with quantitative measurements [17, 18]. It 
is therefore important to develop semi-automatic qualitative 
methods to support the clinical diagnosis allowing for fea-
ture extraction and perceptual analysis with non-invasive 
marker-less technique. 
This paper presents a new tool for the management of pa-
tient data, tests and reports, acquisition of audio and video 
data, their editing and analysis to support clinicians with 
evaluation of infant crying and general movements. Moreo-
ver, we strongly suggest assessment of these early indexes 
of infants’ health during the first six months of age as their 
alterations could be considered early markers of Autism 
Spectrum Disorders. 
II. METHODS 
A. Non-invasive Tool for Early Detection of ASDs 
This tool was developed with the support of the Italian 
grant project “Young Researcher 2008: Non-invasive tools 
for early detection of autism spectrum disorders”, aiming to 
detect early markers of Autism Spectrum Disorders (ASDs) 
through the study of infant crying and GMs during the first 
six months of infant’s life. This project aims to identify 
normative ranges for acoustical and motor parameters in a 
population of about 200 healthy newborn/infants, both male 
and female (control group). The control group will be com-
pared with 15-20 “high-risk” newborn/infants, siblings of 
children already diagnosed with ASD [6, 7]. 
Infants were audio and video recorded at home five times 
during the first six months of life according to a specific 
protocol. The protocol includes also a clinical assessment 
performed using a set of questionnaires (Italian Question-
naire of Temperament; Bayley Scales of Infant Develop-
ment; the first child vocabulary, MacArthur - Bates  
Communicative Development Inventory and the Modified 
Checklist for Autism in Toddlers (M-CHAT). Informed 
consent has been obtained from parents. The study protocol 
was approved by the local ethical committee (Istituto 
Superiore di Sanità, Roma, Stella Maris Hospital, Pisa and 
Bambin Gesù Hospital, Roma, Italy).  
Cry analysis was carried out by the estimation of acoustic 
parameters such as fundamental frequency (F0), intensity, 
resonance frequencies of the vocal tract, length of each cry 
episode and crying melody (F0 shape). GMs analysis was 
performed with a perceptual technique that is often used by 
clinicians to diagnose motors problems associated with 
impairment of the central nervous system such as the early 
diagnosis of cerebral palsy [11]. 
B. ARAD System 
According to the project [6] and in co-operation with 
ISER Tech srl (Prato, Italy), we developed a new tool for 
audio/video acquisition and analysis for contact-less diag-
nosis, in particular in neonatology area. The ARAD system 
(Acquisition, Reporting and Analysis for Diagnosis), shown 
in fig. 1, allows the management of personal data and medi-
cal history of the patient, data acquisition, personalized test 
editing, audio/video editing and reporting in a single soft-
ware tool. 
 
Fig. 1: ARAD System. 
The system was developed in C# language using the 
OpenCv image processing library for video acquisition and 
recording. It consists of four parts:  
 
a) Personal Data Management System 
an integrated management system to share data and 
medical history with dedicated interface and for pa-
tient's clinical storyboard. It allows importing and ex-
porting signals, images and tests from external sources. 
b) Test Maker Tool 
an interactive environment for the creation and run of 
specific clinical tests with modular customizable struc-
ture. It is possible to insert multimedia contents, imag-
es, audio/video screenshots and monitor the results. 
c) Recording Tool 
an integrated environment for capturing multichannel 
audio/video with the possibility to enter notes, and con-
textualized information through the wizard and flexible 
setup of the system. 
d) Analyzer System 
tool devoted to the perceptual analysis and audio/video 
editing. Provides the ability to easily cut /copy/evaluate 
sequences of interest and enter clinical assessments 
without the need to resort to the use of other software. 
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Patient data records are managed through a centralized 
database structured to guarantee privacy and personal 
data protection [6]. 
C. ARAD for Acquisition and Reporting 
The acquisition system (fig. 2) is designed to be used al-
so from patient’s home to minimize the discomfort for the 
involved subjects, and to minimize biases due to external 
environment on children habits. The system was tested with 
different webcams or cameras with USB and different mi-
crophones. The ARAD system allows the user to enter most 
of the data from medical records. Automatic importing from 
already existing medical records is possible but it depends 
on the system used in the hospital. In any case, the user can 
enter the required historical data for this type of analysis. 
 
Fig. 2: Acquisition Tool. 
Once the user has entered the patient’s data, he can pro-
ceed through the special section for the audio/video record-
ing. The user interface includes a main window for selecting 
the devices for the recording and an acquisition window. 
The acquisition window allows previewing video and 
audio quality before starting the recording, in order to en-
sure the quality of the acquisitions. This tool allows also: 
marking the time frames corresponding to the different 
behavioral states of the newborn; showing separate running 
times for the crying state to assess the duration of the audio 
signal available for the crying analysis as well as the calm 
awake state required for the GMs analysis. The user can 
also select other markers that identify the state of the patient 
such as sleep. He can enter notes while recording as well as 
markers for ambient noise or interfering events to speed up 
the analysis. It is also possible to make multiple recordings 
on the same patient. During recordings it is possible to fill 
test and questionnaires imported or built with ARAD test 
maker. The special reporting system has been tested by 
several clinicians and it was considered user friendly, fast 
and intuitive, allowing them to have everything organized 
for the clinical evaluation.  
D. ARAD for Analysis and Diagnosis 
ARAD is equipped with specific tool for the analysis of 
audio and video recordings. It allows facilitating the actions 
carried out by the clinician during the perceptual studies. 
ARAD can achieve two different analyses, one for the 
sound, especially for crying and one for video recordings, in 
particular for GMs: 
 
a) Cry analysis 
After the identification of the crying frames, it is possi-
ble to perform time-frequency analysis. The extracted 
parameters, according to the methods used in [6, 7, 8, 9, 
19] are: the fundamental frequency of cry excerpts (F0) 
and the resonance frequencies, the number of cry-
episodes, the vocal percentage, the number and the 
length of the voice breaks. 
 
Fig. 3: ARAD Interface for perceptual movements analysis. 
b) General movements analysis 
The clinician can built specific tests without the need of 
pen and paper, when the part of video that contains the 
GMs has been selected by means of the “test maker” 
option. The tests, imported or inserted through test 
maker, can be compiled and exported. It is possible to 
exchange this information via email with other author-
ized clinicians. It is also possible to enter information 
about the number of motion sequences, the number of 
abnormal movements, the duration and the time at 
which they occurred. 
 
Finally, the user can eventually view the patient’s report 
and carry out the diagnosis, through the storyboard and the 
medical data.  
This advanced tool differs from existing video/audio ed-
iting software because it allows, through a simple interface, 
to select the parts of interest, using markers placed during 
the recordings process and permits clinicians to enter com-
ments and notes on single crying or motion sequences, nec-
essary for the perceptual analysis [10, 11]. Moreover, the 
system permits to carry out recordings both at the subject’s 
home and in the hospital, such as in neonatal intensive care 
units. The system has been equipped with two different 
access levels: a restricted one for nurses or paramedics for 
the data acquisition and an unrestricted one for doctors who 
can perform the crying and general movements analyses. 
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III. RESULTS AND CONCLUSIONS  
To our knowledge, the system described in the present 
study is the first tool for recording and analyzing both cry 
and general movements in infants. The core modules have 
been individually tested [6, 8, 9] by our group: audio and 
video files have been analyzed by clinicians (perceptual 
analysis) and their results correlated with automated analy-
sis obtained by ARAD system. The whole system is under-
going testing in the clinical centers now and will undergo a 
specific assessment according to ISO standards for medical 
devices and for human centered tool design. The ARAD 
system has some limitations due to the environmental set-
tings and the quality of recordings that could interfere with 
the analysis accuracy. ARAD is a tool that supports the 
clinical and perceptual evaluation but it is not meant to 
replace them. At present, only two systems are available for 
cry acquisition and analysis, in particular for the study of 
F0, but no tool exists for the analysis of GMs [8, 9]. As 
most of recent studies [3, 4, 5, 7] highlight the possibility of 
recognize some typical signs of autism in the first year of 
life ARAD could give a significant support to early diagno-
sis of this disorder. In addition to providing appreciable 
decrease in investigation time, costs and errors, ARAD 
meets the growing clinical interest for marker-less monitor-
ing for clinical data analysis and diagnosis. With few modi-
fications, the tool could be used for the screening of a wide 
range of peri-and post-natal pathologies and can be easily 
adapted for homecare of infants. 
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